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[57] ABSTRACT 

A switching regulator for supplying current to a load in 
order to maintain a selected voltage across the load. 
Current is supplied to the load from a coil which re 
ceives a train of spaced trapezoidal current pulses from 
an energy source. The spacing between current pulses is 
maintained constant while the duration of the current 
pulses is varied to compensate for changes tending to 
vary the load voltage. 

5 Claims, 6 Drawing Figures 
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SWITCHING REGULATOR 

BACKGROUND OF THE INVENTION 

The present invention relates to a switching regulator 
operating with peak current regulation. A switching 
regulator of this type is disclosed in DE-OS [Federal 
Republic of Germany Laid-Open Application] No. 
2,715,571. 

In the switching regulator disclosed in DE-OS No. 
2,715,571, the output voltage is regulated by varying the 
width of a constant frequency pulse or by varying the 
pulse frequency and keeping the pulse width constant. 
The regulating criterion is the peak current through the 
switching transistor. If there is a sudden change in load, 
this switching regulator requires several pulse periods 
to adjust to the load change. Moreover, the energy 
input time is limited to half of each pulse period. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
switching regulator of the above-described type which 
exhibits better dynamic behavior—particularly faster 
adjustment. 
The above and other objects are achieved by im 

provements in a switching regulator for controlling the 
delivery of current to a load in order to establish a 
selected voltage across the load, which regulator in~ 
cludes energy supply means constituting a source of 
current, current storage means connected to be supp 
llied with current by the energy supply means for sup 
plying the load with current, controllable switch means 
connected to the energy supply means and the current 
storage means for controlling the supply of energy from 
the energy supply means to the current storage means 
and switchable between a ?rst state in which energy is 
supplied by the energy supply means to the current 
storage means for charging the current storage means, 
and a second state in which energy is not supplied to the 
current storage means and the current storage means 
discharges, and regulating means connected to the 
switch means for switching the switch means between 
the ?rst and second states in cycles, with each cycle 
being composed of a ?rst period during which the 
switch means are in the ?rst switching state and a sec 
ond period during which the switch means are in the 
second switching state, for controlling the peak current 
supplied by the energy supply means in dependence on 
the load voltage. According to the invention, the means 
comprise timing control means connected for causing 
the second periods to all have the same duration, and 
the regulating means are operative for causing the ?rst 
periods to have durations which vary in a manner to 
maintain the voltage across the load constant. 
The switching regulator according to the present 

invention has the following advantages: 
Compared to the switching regulator concept dis 

closed in DE-OS No. 2,715,571, the keying ratio is 
limited to T/2 (T=pulse period duration). With large 
sudden changes in load, energy follow-up is effected not 
in a maximum of T/2 steps but during only a single 
on-off cycle, thus regulating out such sudden changes in 
load more quickly. Interfering oscillations, which in the 
switching regulator according to DE-OS No. 2,715,571 
occur for several periods due to the readjustment, do_ 
not occur. 

Due to the constant energy output time, current hum, 
or ripple, d.c. premagnetization, the load current, and 
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2 
thus also the output voltage, remain constant in the face 
of ?uctuations in input voltage. This means, particularly 
for a buck converter, a high adjustment factor for fluc 
tuations in input voltage. Since the peak current 
through the switching transistor is proportional to the 
output current, current limitation for the switching 
transistor can simultaneously be the load current limita 
tion. Separate load current evaluation as, for example, 
in the switching regulator according to European Pat. 
No. 27,847 Bl can be omitted. 

If the storage choke is d.c. premagnetized, a change 
in the‘switching frequency takes place only as a func 
tion of ?uctuations in the input voltage and depends on 
the input voltage range and, for a switching regulator 
without voltage transformation, on the selection of the 
keying ratio at the minimum input voltage. This is an 
advantage particularly compared to self-excited voltage 
transformers whose changes in switching frequency 
depend on input voltage and load. 
The invention will now be described in greater detail 

with reference to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a basic circuit diagram for a switching regu 
lator according to the present invention which operates 
according to the buck conversion principle. 
FIG. 2 are signal/time diagrams illustrating steady 

state operation of the circuit of FIG. 1. 
FIGS. 31) and 3b are signal/time diagrams illustrating 

response of the circuit to changes in load and input 
voltage, respectively. 
FIG. 4 is a basic circuit diagram for a modi?ed 

switching regulator according to the invention includ 
ing a regulating ampli?er. 
FIG. 5 shows an embodiment of the oscillator mod 

ule of the circuit of FIG. 4. 
FIG. 6 is a basic circuit diagram for a switching regu 

lator according to the invention operating according to 
the flyback converter principle. 

DESCRIPTION OF THE PREFERRED 
- EMBODIMENTS 

FIG. 1 shows a switching regulator which operates 
according to the buck conversion principle. The input 
voltage source U}; of the converter is connected to the 
output of the converter via the switching path of a 
switching transistor Ts and a storage choke L1. A 
smoothing capacitor Cg, to which is applied the output 
voltage UA, is disposed at the output in parallel with 
output load RL. Between the switching path of switch 
ing transistor Ts and storage choke Ll, there is con 
nected the primary winding wl of a current transformer 
Tr. An idling diode Df is connected between the point 
of connection of primary winding wl to storage choke 
L1 and the circuit common, or ground, connection, to 
which source U5, capacitor Cg and load RL are also 
connected. 

Switching transistor Ts is controlled by a clock pulse 
generator TG which itself is controlled by the output of 
a comparison stage K1. This comparison stage K1 has 
an inverting input connected to that end of load RL 
which leads to storage choke L1. Comparison stage K1 
has a non-inverting input connected, via a series con 
nection of a resistor R1 and a reference voltage source 
Url, to the other end of load RL. Resistor R1 is con 
nected to the secondary winding W2 of transformer Tr, 
via a diode network D1, ZDl, D2, ZDl being a Zener 
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diode, in such a manner that if current i; flows through 
switching transistor Ts, a voltage Um of opposite polar 
ity to the voltage across reference voltage source Url is 
produced across resistor R1. The operation of the 
switching regulator shown in FIG. 1 will be described 
in greater detail below with reference to FIG. 2. 
The signal curves shown in FIG. 2 apply for regu 

lated operation. Regulation of the peak value is of cur 
rent i] by switching transistor Ts occurs in dependence 
on the output voltage UA. For the case where output 
voltage U4 is equal to reference voltage Url, no regula 
tion takes place. Regulation does not begin until output 
voltage U4 is less than reference voltage Url. The sig 
nal curves according to FIG. 2 also apply for the case 
where no sudden changes in load and input voltage 
occur. 

Switching transistor Ts is closed, i.e. conducting, at 
time t1=0. A current i1 flows from voltage source U1; 
through switching transistor Ts, primary winding wl of 
current transformer Tr and storage choke L1 to load 
RL. At the same time, storage choke L1 is charged with 
current IL]. 

Via current transformer Tr, current i1 produces a 
voltage drop Um across resistor R1, with this voltage 
drop being proportional to current i1. The non-invert 
ing input of comparison stage K1 still has a more posi 
tive potential than the inverting input. The output of K1 
therefore is at H (high) potential. 
The voltage across resistor R1 progressively de 

creases so that the potential at the non-inverting input of 
K1 becomes more and more negative. As soon as the 
trapezoidal current i1, whose rise is essentially deter 
mined by the magnitude of the input voltage U}; and by 
the inductance of the storage choke L1, has reached a 
value i5, at time t2, the potential at the non-inverting 
input of K1 becomes less positive than the potential at 
the inverting input. Comparison stage K1 now re 
sponds, i.e. its output jumps from H to L (low) potential 
and turns switching transistor Ts off via clock pulse 
generator TG. Thus, current value is becomes the peak 

tor Ts. 
In the embodiment of FIG. 1, clock pulse generator 

TG is con?gured as a monostable multivibrator. When 
the output of comparison stage K1 goes to L, the mono 
stable multivibrator receives a trigger signal. Its output 
jumps from H to L and turns off switching transistor Ts. 
Once switching transistor Ts is switched off, there no 
longer occurs a voltage drop across resistor R1 since 
current no longer flows through current transformer 
Tr. Only the reference voltage Url is then present at the 
non-inverting input of K1. 

Since during regulating operation this reference volt 
age Url is greater than output voltage U,;, the non 
inverting input of K1 quickly becomes more positive 
again than the inverting input and the output signal of 
comparison stage K1 jumps back to H potential. The 
output of the monostable multivibrator however, re 
mains at L potential for a ?xed period of time tr which 
remains constant for every switching cycle. When the 
switching transistor Ts is turned off, circuit operation is 
in the energy discharge phase in that the load current is 
generated by discharge of choke L1 and ?ows via idling 
diode Df. Only at the end of time tc, given by the time 
constant of the monostable multivibrator, a new energy 
intake phase begins at time t3. At this time, the output 
potential of the monostable multivibrator changes from 
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4 
L to H and the switching transistor Ts is switched on 
again. 

Without additional voltage transformation, the fol 
lowing relationships apply for the keying ratio tL/T 
(tL=duration of energy intake phase; T=(duration of 
one cycle=tL+tc): 

(UE— U,|)IL= U/K 7- I1.) 

where T-— tL = tc= constant. Consequently, 

lL/T= UA/Ul; 

Thus, the keying ratio is not limited to a maximum of 
g as in the switching regulator according to DE-OS No. 
2,715,571. If voltage transformation is employed be 
tween input and output voltage, any desired keying 
ratio can be selected. Otherwise, the keying ratio must 
be adapted to the ratio of input voltage to output volt 
age. The keying ratio is selected in such a manner that 
regulating operation is still possible at the minimum 
occurring input voltage U5. 
The regulating behavior of_ the switching regulator 

during sudden changes in load and input voltage will 
now be described with reference to FIG. 3. The time 
diagram of FIG. 3a assumes a sudden change in load to‘ 
have occurred, e.g. a reduction of the resistance of load 
RL. 
For this sudden change in load, the energy intake 

current i1 must rise from the previous peak value is to a 
higher peak value i5’. This is now accomplished in that 
the energy intake time tL is extended until the trapezoi 
dal current i] has reached the higher value is‘ with the 
same rise, at which is’ is the new peak value on which 
the comparator stage K1 is changed. The energy dis 
charge time tc, however, is kept constant as before, 
because the clock pulse generator TG has a constant 
switch time (monoflop). 
The increase of the energy intake time t1, is a result of 

a decrease in UA with a reduction of RL. Thereby the 
switching threshold of the comparison stage K1 is al 
tered. The voltage UA takes the new value Url minus 
voltage drop UR] (FIG. 1). ' 

Readjustment as a result of such a sudden change in 
load takes place within a single period, i.e. all of the 
added energy required for the greater load is taken in 
during the ?rst full period after the load change. Regu 
lating oscillations over several periods, as they occur in 
other switching regulators, are eliminated. The exten~ 
sion of the energy intake time with a constant energy 
discharge time tc is synonymous with a reduction in 
switching frequency of the switching regulator. 

In the diagram of FIG. 3b, a sudden change in input 
voltage U E has been assumed, i.e. from a lower value to 
a higher value. During the ?rst switching cycle, input 
voltage U5 is low. Such a low input voltage U5 is asso 
ciated with a flat rise in current i1. Since with a higher 
input voltage UE, the energy discharge time tc remains 
constant and the rise of current i1 is steeper, and the 
same average current value 14 is to be realized, the 
conductive period tL must become shorter. The con 
stant energy discharge time tc continues to be ?xed by 
the time constant of the monostable multivibrator TG. 

Since the peak current is through switching transistor 
Ts is proportional to the load current, limitation of the 
collector current of switching transistor Ts can simulta 
neously be used to limit the load current. A second 
comparison stage K2 is provided to limit the collector 
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and load currents and the non-inverting input of this 
comparison stage K2 is connected to the non-inverting 
input of the ?rst comparison stage K1. The inverting 
input of K2 is charged with a second reference voltage 
Ur2. The output of K2 is connected, like the output of 
K1, to the input of monostable multivibrator TG. Refer 
ence voltage Ur2 is selected to have a value less than the 
value of output voltage U4 and less than the value of the 
?rst reference voltage Url so that the second compari 
son stage K2 responds to turn off TG only if a relatively 
large collector current flows through switching transis 
tor Ts against which the connected load or switching 
transistor Ts, respectively, must be protected. 
Thereby does a L value at the output of K2 nullify 

the H value appearing at the output of K1, because the 
comparator stages K1 and K2 have open collectors. 

In the embodiment of FIG. 4, in contradistinction to 
the embodiment of FIG. 1, the output voltage UA is 
regulated by way of a regulating ampli?er including 
resistors R2, R3, R4 and R5, ampli?er stage K3 and 
subsequent transistor ampli?er stage T1. In the case 
where the voltage drop across resistor R3 becomes 
greater than a reference voltage Ur3, ampli?er stage K3 
operates as a linear ampli?er including a feedback resis 
tor R4. The ?rst comparison stage K1 is connected 
somewhat differently than in FIG. 1. A reference volt 
age source Url of, for example, 6.2 V, is connected to 
the non-inverting input of K1. 
The current through switching transistor T_s, which is 

here a ?eld effect transistor, is monitored with the aid of 
a series connected current measuring resistor R6. The 
output of transistor ampli?er stage T1 is connected to 
the inverting input of K1, which is also connected to a 
parallel connection of a resistor R7 and a capacitor C1. 
A voltage drop proportional to output voltage UA de 
velops across resistor R7. Capacitor C1 integrates, and 
smooths, the output voltage hum. Current measuring 
resistor R6 is connected in series with the parallel con 
nection of R7 and C1, so that the peak current is can be 
regulated as a function of output voltage U,.;. 
The output of comparison stage K1 is connected, via 

" a transistor ampli?er stage including transistor T2 and 
resistors R8, R9 and R10, to clock pulse generator TG 
which controls the conduction state of switching tran 
sistor Ts. This clock pulse generator T6 is here com 
posed of a freely oscillating square wave oscillator 
formed of an integrated circuit NE 555 whose oscillat 
ing frequency is ?xed by the time constant of RC mem 
ber R11, C2. After comparison stage ‘K1 or transistor 
stage T2 responds, the freely oscillating oscillator is 
forced into monostable behavior, i.e. after comparison 
stage K1 responds, the oscillator controls switching 
transistor Ts to be non-conductive for a constant time 
period. 
The operation of the circuit according to FIG. 4, 

insofar it differs from the operation of the circuit ac 
cording to FIG. 1, will now be explained. Square wave 
oscillator TG is set via resistors R11 and R12 and capac 
itor C2, with respect to its keying ratio and its free 
oscillation frequency, as disclosed in Signetics, Lineare 
Integrierte Schaltungen [Linear Integrated Circuits] 
1972, pages 173-177. 
The internal con?guration of switching circuit NE 

555 is shown in FIG. 5. It is composed of two compara 
tors K4, K5, a flip-flop FFI, an output stage AS, an 
open collector transistor stage 0K1 and a reset stage 
‘RS1, as well as three voltage divider resistors, as de 
scribed in (Signetics, supra, page 173). The maximum 
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6 
period of conduction tL of switching transistor Ts is 
?xed by the following relationship: 

t1, mux=0.685 (R11+R12) C2 

and the constant energy discharge time is ?xed by the 
following relationship: 

The frequency of oscillator TG in the unin?uenced 
state results as follows: 

Oscillator TG switches switching transistor Ts at this 
frequency until output voltage UA has risen to such an 
extent that regulating analog ampli?er K3, T1 begins to 
operate; i.e. the reduced output voltage UA at the center 
tap of divider R2, R3 is higher than reference voltage 
Ur3. The regulating analog ampli?er K3, T1 has the 
function of reducing the change in UA across RL. 
With switching transistor Ts switched through, i.e. 

conducting, an energy intake current i; proportional to 
load current i/_ ?ows through storage choke L1 and 
current measuring resistor R6. As soon as the voltage 
drop across current measuring resistor R6 becomes 
large enough that the following relationship applies: 

the output of comparison stage K1 switches to low 
potential and actuates transistor stage T2. Now a cur 
rent flows from power output 3 of circuit NE 555 
through resistor R10, the emitter-collector path of tran 
sistor T2 and capacitor C2. Capacitor C2 is thus 
charged relatively quickly to a voltage of, e.g., E UH 
which constitutes the upper switching point of circuit 
NE 555. At the upper switching point the output of 
circuit NE 555 has the value L and the switching tran 
sistor T, is non-conducting. At the lower switching, 
which is de?ned at 5 U”, the output of circuit NE 555 
corresponding has the value H. 
Once this voltage of % UH is reached, the power out 

put 3 switches to a low voltage and blocks switching 
transistor Ts. In this way, rectangular oscillator TG is 
forced into monostable behavior. 
Now follows the phase of constant energy discharge 

time t6 during which the storage choke L1 continues as 
before to give its energy via idling diode Df to load RL. 
During the constant energy discharge time, output 3 
remains at low potential. Current is now unable to flow 
through the resistor R10 and the emitter-collector path 
of T2 to the trigger, or threshold value, input 2,6 of 
circuit NE 555. Thus capacitor C2 discharges via resis 
tor R11 during time tc from a voltage value of % UH to 
a voltage value of % U H. When the voltage across capac 
itor C2 has reached the value of =1, UH, the lower switch 
ing threshold of circuit NE 555 will have been reached, 
its output 3 jumps to a high potential and switches 
switching transistor Ts back on. 
The time at which clock pulse generator TG changes 

to monostable operation is determined by the variation 
which is to be compensated by the regulation process, 
i.e. the load and the magnitude of the input voltage UE, 
respectively. This is evident as before by a shortening or 
lengthening of the energy intake phase, whereas the 
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energy discharge time t( remains constant. As a whole, 
changes in input voltage result in a change in the fre 
quency of the switching regulator. As in the embodi 
ment according to FIG. 1, the collector current of 
switching transistor Ts and thus the load current can be 
limited by comparison stage K2. 

In FIG. 4 the input connections to comparison stage 
K2 differ from those of FIG. 1, because of the different 
polarities of the voltage drop across R6 in FIG. 4 and 
the voltage drop across R1 in FIG. 1. 
The switching regulator according to FIG. 6 oper 

ates according to the flyback converter principle with 
galvanic, i.e. conductive, separation by the voltage 
converting storage choke L1, which here is composed 
of two inductively coupled windings. The output volt 
age UA is here detected via a voltage divider R13, R14. 
As soon as a potential proportional to output voltage 
UA at the non-inverting input exceeds the potential at 
the inverting output of a comparison stage K6, the out 
put of K6 turns on a transistor T3 and a current is driven 
through the light emitting diode LD of a photocoupler 
OK. A phototransistor FT in this optocoupler OK gen 
erates, analogously to transistor T1 of FIG. 4, a voltage 
drop across the resistor/ capacitor circuit C1, R7 which, 
together with the voltage drop across current measur 
ing resistor R6, becomes effective at the inverting input 
of comparison stage K1. Switching transistor T5 is con 
trolled, corresponding to the embodiment of FIG. 4, via 
the output of K1, transistor stage T2 and clock pulse 
generator TG with the difference that the mode of 
operation is modi?ed for a flyback converter. In con 
nection with a ?yback converter, there again results the 
advantage that the keying ratio is not limited to T/ 2 and 
can be selected within a range of tL/T =0—O.95. 

It will be understood that the above description of the 
present invention is susceptible to various modi?ca 
tions, changes and adaptations, and the same are in 
tended to be comprehended within the meaning and 
range of equivalents of the appended claims. 
What is claimed is: 
1. In a switching regulator for controlling the deliv 

ery of current to a load in order to establish a selected 
voltage across the load, which regulator includes en 
ergy supply means constituting a source of current, 
current storage means connected to be supplied with 
current by the energy supply means for supplying the 
load with current, controllable switch means connected 
to the energy supply means and the current storage 
means for controlling the supply of energy from the 
energy supply means to the current storage means and 
switchable between a ?rst state in which energy is sup 
plied by the energy supply means to the current storage 
means for charging the current storage means, and a 
second state in which energy is not supplied to the 
current storage means and the current storage means 
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8 
discharges, and regulating means connected to the 
switch means for switching the switch means between 
the ?rst and second states in cycles, with each cycle 
being composed of a ?rst period during which the 
switch means are in the ?rst switching state and a sec 
ond period during which the switch means are in the 
second switching state, the improvement wherein said 
regulating means comprise means for monitoring the 
peak current supplied by the energy supply means dur 
ing each ?rst period and for controlling the peak cur 
rent supplied by the energy supply means in depen 
dence on the load voltage, and timing control means 
connected to said means for monitoring and controlling 
for causing the second periods to all have the same 
duration and, for causing the ?rst periods to have dura 
tions which vary in a manner to maintain the voltage 
across the load constant. 

2. A regulator as de?ned in claim 1 wherein said 
regulating means comprise comparator means con‘ 
nected to effect a comparison between a ?rst signal 
representative of the load voltage and a second signal 
representative of a function of the peak current supplied 
by said energy supply means and a reference voltage 
and to produce an output signal when the ?rst and 
second signals have a predetermined relationship, and 
said timing control means comprise a pulse generator 
connected between said comparator means and said 
switch means for placing said switch means in the sec 
ond state for a second period in response to each output 
signal produced by said comparator means. 

3. A regulator as de?ned in claim 2 wherein said 
regulating means comprise peak current limiting means 
connected to said timing control means for limiting the 
peak current supplied by said energy supply means to a 
selected maximum value. 

4. A regulator as de?ned in claim 1 wherein said 
regultin g means comprise comparator means connected 
to effect a comparison between a reference signal and a 
further signal representative of a function of the peak 
current supplied by said energy supply means and the 
load voltage to produce an output signal when the com 
parison signal and further signal have a predetermined 
relationship, and said timing control means comprise a 
pulse generator connected between said comparator 
means and said switch means for placing said switch 
means in the second state for a second period in re 
sponse to each output signal produced by said compara 
tor means. 

5. A regulator as de?ned in claim 4 wherein said 
regulating means comprise peak current limiting means 
connected to said timing control means for limiting the 
peak current supplied by said energy supply means to a 
selected maximum value. 

i! =11 * * * 


